Trivalent rhodium was determined spectrophotometrically as its 1:2 rhodium o-methylphenyl thiourea (OMPT) complex, extracted into chloroform from aqueous acetate buffer media at pH 5.4. The complex exhibits maximum absorption at 320 nm (Molar absorptivity 9.76 · 10 3 L mol À1 cm À1 ), Sandell's sensitivity 0.0105 lg of rhodium(III) cm À2 . Beer's law obeyed up to 10.0 lg/ml.
Introduction
Rhodium is a precious element usually found in ores mixed with other elements viz. platinum, palladium, silver and gold. Its abundance in earth's crust is only 0.001 ppm. It has application in catalysis, corrosion, electrical and electronic apparatus. The major medicinal use of rhodium is in radiotheorapy using 106 Rh isotope to treat retinoblastoma, rhodium(II) carboxylates as antitumor agents and rhodium(II) pyrimidine derivatives with bacteriostatic and bactericidal properties.
Literature survey reveals that many extractants are used for the separation of rhodium(III) but very few of them give quantitative results with positive merits. Hence low abundance, high price, low natural occurrence, and a wide range of applications, demand a novel method for separation and determination of rhodium. Rhodium(II) was complexed with 1-(2-pyridylazo)-2-nap thol(PAN) in the pH range 3.2-4.7, adsorbed on modified multiwalled carbon nanotubes (MMWCNT's) eluted with N,N-dimethylformamide and determined by FAAS (Ghaseminezad et al., 1999) . PAN was used for the determination of rhodium by laser induced thermal lense spectrometry (Li-TLS) however use of surfactant and phase separation at 50 o C demerits the method (Shokoufi and shemirani, 2007) . High performance liquid chromatography was applied for the separation of platinum, palladium and rhodium (Quinfen et al., 2005) but it requires long time. 2-(5-Bromo-2-pyridylazo)-5-diethylaminophenol was used for the determination of rhodium(III) with FAAS, The method needs preconcentration of samples (Molaakbari et al., 2011) . Rhodium along with platinum and gold was determined from archeological specimens by ICPMS after fire assay treatment (Pillai and Punyadeera, 2001) . Rhodium(III) was determined from road dust and water samples by FAAS but the method needs preconcentration of rhodium(III) and suffers from interferences by large number of cations .
Various analytical techniques are available for the determination of rhodium still most of them have some drawbacks. Comparatively solvent extraction technique is the most efficient method of separation technology with high simplicity, speed and applicability to both tracer as well as macro amount of metal ions.
N-n-octylaniline is used for the quantitative extraction of rhodium(III) from sodium malonate media (Anuse and Kolekar, 2002) . Extraction of rhodium(III) was carried out from bromide media in the presence of stannous chloride using cyanex 471X and cyanex 923. (Duche et al., 2002) . N,N' dimethylN,N'diphenyltetradecylmalonamide (DMDPHTDMA) extracts rhodium(III) in the presence of tin (Malik and Ana paula, 2008) . Rhodium(III) was separated from iridium(III) and ruthenium(III) using different concentrations of alamine 336 in kerosene using hydrochloric acid media (Goralsa et al., 2007) .
Rhodium(III) complexes with water soluble porypyrin 5, 10, 15, 20 -tetrakis(4-N-methylpyridyl)Porphine(TMPYM) in acetate buffer at pH 3.9, complexation enhanced in the presence of ethanol by heating at 100 o C for 15 min (Kunio et al., 2006) .
In the present investigation we have reported a novel method for extractive spectrophotometric determination of rhodium(III) from acetate buffer media, using o-methylphenyl thiourea in chloroform as a solvent. The method is proved to be selective and sensitive as compared to other existing extractive spectrophotometric determination methods for rhodium(III) ( Table 1) .
Experimental

Apparatus
An elico make UV-visible spectrophotometer model SL-159 with matched 10 mm quartz cells was used for absorbance measurements and pH meter make control dynamic was used for pH measurements. Equilibration of two phases was carried out using wrist action shaker. Standardized glasswares were used for volumetric measurements.
Reagents
All the reagents used were of analytical reagent grade unless otherwise stated, double distilled water was used throughout the experimental work.
o-Methylphenyl thiourea (OMPT) was synthesized as per the method reported by Frank and Smith (Frank and Smith, 1995) . Ethanolic solution (0.01 M) of o-methylphenyl thiourea (OMPT) was prepared by dissolving 0.166 g of OMPT in distilled ethanol and made up to the mark in a 100 ml standard volumetric flask with distilled ethanol.
A standard stock solution of rhodium(III) was prepared by dissolving 1.0 g of rhodium chloride (RhCl 3 .4H 2 O) (Loba.Chemie.Pvt.Ltd.India) in 15-20 ml, 1.0 M hydrochloric acid, diluted up to 250 ml mark in a standard volumetric flask with distilled water and this solution was standardized by gravimetric method (Beamish and van loon, 1977) . A working standard solution of rhodium(III), 50 lg/ml was prepared by further dilution from standard stock solution with distilled water.
Buffer solution (pH 5.4) was prepared by mixing 88 ml of acetic acid (0.2 M), 412 ml of sodium acetate (0.2 M) and diluted to 1000 ml with double distilled water in a 1000 ml standard volumetric flask (Sidney and Nathan, 1955) .
Standard solutions of different metal ions used for interference study were prepared by dissolving weighed quantity of their respective salts in double distilled water or dilute hydrochloric acid and diluted with double distilled water. Solutions of anions were prepared by dissolving their respective alkaline metal salts in distilled water and diluted with double distilled water.
General procedure for extraction spectrophotometric determination of rhodium(III)
The aliquot of solution containing 50 lg rhodium(III) is transferred to a 25 ml standard volumetric flask, 2 ml of 0.01 M OMPT in ethanol is added to it and the mixture was diluted up to the mark with acetate buffer(pH 5.4). The mixture was heated in boiling water bath for 4 min. The yellow colored solution containing rhodium(III)-OMPT complex is cooled, transferred into 125 ml separatory funnel and extracted with 10 ml chloroform by single extraction. The phases are allowed to separate and the yellow colored rhodium(III)-OMPT complex is dried over 1.0 g anhydrous sodium sulfate. Rhodium(III)-OMPT complex in chloroform is transferred into a 10 ml volumetric flask The absorbance of rhodium(III)-OMPT complex is measured at 320 nm against the reagent blank in chloroform.
Results and discussion
3.1. Absorption spectra Rhodium(III) forms yellow colored rhodium(III)-OMPT complex in acetate buffer media at pH 5.4 after heating for 4 min in water bath. The absorption spectra of rhodium(III)-OMPT complex against reagent blank in chloroform is shown in Fig. 1 . The spectra obtained reveal that the rhodium(III)-OMPT complex in chloroform has the maximum absorbance at 320 nm while the absorption spectrum due to reagent blank is negligible. It indicates the reagent does not interfere in the determination of rhodium(III). Thus all further absorbance measurements were made at 320 nm wavelength against reagent blank for spectrophotometric determination of rhodium(III).
Effect of various buffers and pH
The color development of rhodium(III) by the formation of rhodium(III)-OMPT complex was studied using various buffer solutions. Recommended procedure was followed for color development using different buffer solutions. To an aliquot of solution containing 50 lg rhodium(III), 2 ml of 0.01 M OMPT in ethanol was added and it was diluted up to the mark in a 25 ml in standard volumetric flask using various buffer solutions (viz: sodium acetate + acetic acid, citric acid + diso- Krystna and Urzula, 1984. 25,26,27,28-Tetrahydroxy-5,11,17,23-tetra1-[4-(N- pH 5.0 where the absorbance values are maximum and remain steady for different buffer solutions in the pH range 5.0-6.0 (Fig. 2) . The complete extraction of rhodium(III) with maximum absorbance is observed in acetate buffer system. Hence acetate buffer at pH 5.4 was used for further studies.
Effect of reagent concentration
The effect of reagent concentration on the formation of rhodium(III)-OMPT complex for color development was studied by varying the OMPT concentration from 0.001 M to 0.1 M. The result shows that absorbance increases with increase in OMPT concentration from 0.001 to 0.01 M OMPT in ethanol and further it remained constant up to 0.1 M. Hence 0.01 M OMPT in ethanol (2 ml volume used) was sufficient for quantitative extraction and determination of rhodium(III) ( Table 2 , Fig. 3 ).
Effect of heating time and stability of complex
There was no color development at room temperature while yellow color of rhodium(III)-OMPT complex was observed on heating the mixture in water bath. The absorbance of rhodium(III)-OMPT complex increases with increase in heating time from one minute to four minutes and further it remains constant with no adverse effect on the color development up to 60 min (Fig. 4) . The stability of the complex was studied for more than 48 h with absorbance measurements in the interval of one hour. The results obtained show, rodium(III)-OMPT complex is stable for more than 48 h.
Effect of ethyl alcohol concentration
The amount of ethyl alcohol (solvent) in aqueous phase in terms of percentage was varied, keeping other optimum conditions constant. The results obtained show that the absorbance of rhodium(IIII)-OMPT complex remained constant from 5% to 20% (V/V) of ethyl alcohol in aqueous phase. The absorbance further decreases above 20% concentration of ethyl alcohol. The percentage of ethyl alcohol in aqueous phase was fixed as 10% (V/V). Along with ethyl alcohol the color development was also studied by varying the solvents for OMPT in aqueous phase viz: N,N-dimethylformamide, dimethylsulfoxide and 1,4 dioxan, the maximum color development was seen in the presence of ethyl alcohol and complexation was poor in the presence of dimethyl formamide, dimethlysulfoxide and 1,4 dioxan (Fig. 5 ). 
Choice of extraction solvent
Various solvents were tested for the extraction of rhodium(IIII)-OMPT complex from acetate buffer media viz. benzene, toluene, xylene, carbontetrachloride, isoamyl alcohol, 1,2-dichloroethane, n-butyl acetate, methyl isobutyl ketone and chloroform. Among the solvents studied, complete extraction with maximum absorbance was observed in chloroform (Fig. 6) .
Composition of extracted species
The composition of rhodium(IIII)-OMPT complex was ascertained from log-log plot (Miller and Miller, 1993) as log of omethylphenyl thiourea concentration versus log of distribution ratio of rhodium(III) at pH 4.8 and pH 5.1 gave a slope of 1.85 and 1.95 respectively. It confirms that the probable composition of extracted species is 1:2 (Rh(III):OMPT) (Fig. 7) .
Beer's law, molar absorptivity, sandell's sensitivity and correlation coefficient
Beer's law is obeyed over the concentration range up to 10.0 lg for rhodium(III)-OMPT complex in chloroform at 320 nm (Fig. 8) . The molar absorptivity and sandell's sensitivity of the complex are 9.76 · 10 3 L mol À1 cm À1 and 0.0105 lg cm À2 respectively. The ringbom's plot is applied as a standard meth-od to determine the optimum range of concentration for a system that obeys beer's law (Ringbom, 1939 ). Ringbom's plot was drawn as log C of rhodium(III) versus (1ÀT) where T is the transmittance (Fig. 9) . This plot has a sigmoid shape with a linear segment at intermediate absorbance values 3.0-7.4 lg/ ml and has slope 0.833. The ratio between the relative error in concentration and photometric error is 2.764. The correlation coefficient values of rhodium(IIII)-OMPT complex with an independent variable as concentration in lg/ml and dependent variable as absorbance was found to be 0.99, indicates clear linearity between these two values. The slope and intercept for the best fitted line are 0.08713 and 0.0086. Hence the content of rhodium(III) in the real samples can be determined using the straight line equation Y = 0.08713X + 0.0086.
Precision, accuracy and detection limit
To access the reproducibility of results and accuracy of the method, absorbance measurements with ten identical solutions containing 50 lg rhodium(III) were carried out by proposed method. The average of these ten readings and standard deviation were determined. The standard deviation was found to be 0.001 and the relative standard deviation was 0.299%. It is evident from these results that the method is precise and accurate. The detection limit of rhodium(III) for the proposed method is as the amount corresponding to thrice the standard deviation of blank value, which is 0.021 lg/ml. 
Effect of foreign ions
The effects of various foreign ions were investigated in order to determine the tolerance limits of the ions in extraction spectrophotometric determination of rhodium(III). The method is free from a large number of cations and anions. The interference from manganese(II), iron(III), nickel(II), bismuth(III), copper(II), aluminium(III), molybdenum(VI), cobalt(III) and cerium(IV) was removed by masking these ions with EDTA. The interference from gallium(III), indium(III) and thallium(III) was removed by masking with tartrate (Table 3) .
Applications
Analysis of synthetic mixtures corresponding to alloys, catalyst and thermocouple wire
The selectivity of the method was confirmed by applying it for the determination of rhodium(III) in synthetic mixtures corresponding to alloys, catalyst and thermocouple wire. The composition of synthetic mixtures corresponding to iridium alloy, osmoiridium alloy, platinum-palladium-rhodium catalyst and platinum-rhodium thermocouple wire was prepared in laboratory. The amount of rhodium(III) was determined using recommended procedure. The results are in good agreement with those obtained by direct atomic absorption spectrometry. These results are reported in Table 5 .
4.2. Mutual separation of palladium(II), rhodium(III), platinum(IV) and iridium(III)
Method permits mutual separation of palladium(II), rhodium(III), platinum(IV) and iridium(III) from their mixture by taking advantage of the difference in their reactivity with o-methylphenyl thiourea (Scheme 1, Table 4 ). Aqueous solu-tions containing a mixture of palladium(II), rhodium(III), platinum(IV) and iridium(III) in the ratios of 1:1:2:1 were mixed. The solution was made 0.8 M with respect to hydrochloric acid at 25 ml in a standard volumetric flask. It was transferred to 125 ml separatory funnel and palladium(II) was extracted in 10 ml, 1.0 · 10 À4 M OMPT in chloroform. After separation of phases, the yellow colored organic phase containing palladium(II)-OMPT complex was dried over 1.0 g anhydrous sodium sulfate and absorbance of palladium(II)-OMPT complex was measured at k max 340 nm (Shelar et al., 2011) . The aqueous phase containing rhodium(III), platinum(IV) and iridium(III) was evaporated to moist dryness. After cooling, 2 ml, 0.01 M OMPT in ethanol was added and diluted to 25 ml with acetate buffer pH 5.4 in a 25 ml standard volumetric flask. This solution was heated for 4 min on a boiling water bath. The yellow colored rhodium(III)-OMPT complex was cooled and extracted into 10 ml chloroform by single extraction. It was dried over 1.0 g anhydrous sodium sulfate and transferred to 10 ml volumetric flask. The absorbance of rhodium(III)-OMPT complex was measured at k max 320 nm. The aqueous phase containing platinum(IV) and iridium(III) was evaporated to moist dryness and after cooling the residue was dissolved into distilled water. The aqueous phase was made 0.1 M with respect to Potassium iodide in a 25 ml standard volumetric flask. This solution was transferred to 125 ml separatory funnel and equilibrated with 10 ml, 0.1 M OMPT in chloroform for 30 s, platinum(IV) gets extracted into organic phase as yellow colored platinum(IV)-OMPT complex. It was measured at k max 360 nm after drying over 1.0 g anhydrous sodium sulfate. The raffinate containing iridium(III) was evaporated to moist dryness, dissolved in hydrochloric acid and distilled water. It was again evaporated to moist dryness and the residue dissolved in distilled water. Iridium(III) was estimated by the stannous chloride-hydrobromic acid method (Sandell, 1962) . 
Conclusions
o-Methylphenyl thiourea (OMPT) has been proved to be a sensitive and selective spectrophotometric reagent for rhodium(III). The method developed is simple, sensitive, selective, reproducible and rapid with low reagent concentration. The quantitative extraction was carried out in a single step. Method is free from interferences from a large number of cations and anions. A scheme for mutual separation of palladium(II), rhodium(III), platinum(IV) and iridium(III) has been developed. The rhodium(III)-OMPT complex is stable for more than 48 h. Separation of rhodium(III) from synthetic mixtures corresponding to iridium alloy, osmoiridium alloy, platinum-palladium catalyst and thermocouple wire is carried out.
Organic phase : Pd(II)-OMPT complex Aqueous phase : Rh(III) + Pt(IV) + Ir(III) determine it at λ max 340 nm Evaporate to moist dryness, cool and add (Shelar et al.2011) 2 ml, 0.01M OMPT in ethanol and dilute it to 25 ml with acetate buffer pH 5.4. Heat 4 minutes on boiling water bath, cool and equilibrate with 10 ml chloroform Organic phase : Rh(III) -OMPT complex Aqueous phase : Pt(IV) + Ir(III determine it at λ max 320 nm evaporate to moist dryness, cool and add potassium iodide and distilled water to make the solution 0.1 molar with respect to potassium odide at 25 ml volume and equilibrate with 10ml, 0.1 M OMPT in chloroform for 30 seconds Organic phase : Pt(IV)-OMPT complex Aqueous phase : Ir(III) determine it at λ max 360 nm evaporate to moist dryness cool, dissolve the raffinate in hydrochloric acid and add distilled water again evaporate to moist dryness and add distilled water. Determine Ir (III) spectro photometrically (Sandell, 1962) Scheme 1 Mutual separation of palladium(II), rhodium(III), platinum(IV) and iridium(III).
